The use of pre-sowing organic hydration-dehydration techniques to improve quality and performance of organic seeds has already been lacking in the literature as well as in the organic farming regulations of different countries. Hence, this study was conducted to investigate the effects of organic hydration (hydropriming and organic priming) and dehydration treatments on germination and early seedling growth in organic tomato seeds. Following each priming treatment, the seeds were surface dried and divided into two sub-groups. First part of the seeds was taken to the germination tests immediately while the second part was dried back until the original seed moisture content was reached before the germination tests were set up. Then, responses of organic tomato seeds to organic hydration and dehydration treatments were observed on the bases of viability (normal germination rate) and different vigour parameters such as mean germination time, germination index, seedling dry weight and seedling vigour index. When the overall data were assessed, the best results were obtained from the hydropriming and organic priming with 250 ppm seaweed extract solution followed by both dehydration treatments in organic tomato seeds. Consequently, these results suggested that hydropriming and organic priming could be used both in seed and seedling industries to improve organic seed quality and performance. Furthermore, the results indicated that the addition of these organic hydration-dehydration protocols to the current procedures of the regulations of organic tomato production could be a useful strategy.
Introduction
In seed technology, different pre-sowing treatments have been utilised to obtain fast and uniform germination or emergence. One of the most important pre-sowing treatments is known as seed priming. This advancement technique is based on seed imbibition allowing the seeds to go through the first reversible stage of germination but do not allow radical protrusion through the seed coat. Seeds keeping their desiccation tolerance are then dehydrated and can be stored until final sowing. During subsequent germination, primed seeds exhibit a faster and more synchronized germination and young seedlings are often more vigorous and tolerant to abiotic stresses than seedlings obtained from unprimed seeds (Lutts et al., 2016) . Various seed priming techniques have been developed in order to invigorate seeds and alleviate the environmental stresses. These can be listed as follows (Ashraf and Foolad, 2005; Lutts et al., 2016) : hydropriming (priming seeds in water), halopriming (priming seeds in inorganic salt solutions), osmopriming (priming seeds in osmotic solutions such as PEG), hormopriming (priming seeds in plant growth regulator solutions), thermopriming (priming seeds at low or high temperatures), solid matrix priming (priming seeds with solid matrices), and biopriming (priming seeds by the use of biological compounds). Moreover, organic priming with seaweed extract has also been developed (Sivritepe and Sivritepe, 2008; Sivritepe et al., 2015) . Priming efficiency is affected by many factors and strongly depends on treated plant species (even cultivars within a species) and chosen priming technique. Physical and chemical factors such as osmotic and water potential, priming agent, duration, temperature, presence or absence of light, aeration, and seed condition also influence priming success and determine germination rate and time, seedling vigour, and further plant development (Hussain et al., 2006; Varier et al., 2010) .
It is well known that brown seaweeds are good organic fertilizers and used in organic farming as well as in conventional plant growing. However, the costs of collection, drying and transportation of seaweeds restrict their widespread use. In Europe and North America, the seaweed most commonly utilised is Ascophyllum nodosum (Senn, 1987; Blunden, 1991) . The major biologically-active compounds of the Ascophyllum a -is the initial weight of seed (g), b -is the initial moisture content (%, fw), d -is the required moisture content (%, fw). Subsequently, the SD seeds of each treatment group were divided into two sub-groups. First part of the seeds was taken to the germination tests immediately while the second part was dried back (DB) until the initial seed moisture content (7.4%) was reached at 25 °C before the germination test was set up.
The seeds were set to germinate in an incubator running at 25±0.5 °C and 70±5% RH. Germination tests were set up using a "Factorial Randomized Plots Design" with 200 seeds (i.e., 4 replicates of 50 seeds) in each treatment group. The percentage viability (normal germination rate; NGR) of seeds was determined according to the ISTA Rules (ISTA, 2012) . Germination test results were recorded daily until day 14. Then, responses of organic tomato seeds to priming and dehydration treatments were observed on the bases of different vigour parameters such as mean germination time (MGT), germination index (GI), seedling dry weight (SDW) and seedling vigour index (SVI).
MGT was calculated according to the equation of Ellis and Roberts (1981) 
Statistical procedures
The data were subjected to a two-way ANOVA, except the final percentages of normal seedlings were analysed after arcsin transformation. The differences of means were compared by LSD tests at p≤0.05, in a JMP 7.0 computer programme. Moreover, the correlations between NGR and the vigour parameters were evaluated in a correlation matrix.
Results
The changes occurred in seed moisture content following priming and dehydration treatments in organic seeds of tomato cv. 'Rio Grande' are illustrated in Fig. 1 . While the moisture content of control seeds was 7.4%, the final seed moisture content rose to 44.5% following HP+SD and varied between 39.5 and 43.4% following different OP+SD treatments. The seed moisture contents of each DB treatment following either HP or OP decreased to 7.4%.
Normal germination progress curves (i.e., the cumulative nodosum extract are plant growth regulators, such as auxins and cytokinins. Studies have also strongly indicated the potential role of betaines (Blunden, 1991) . Moreover, minerals, carbohydrates and antibiotics are active ingredients of the seaweed extract (SWE) (Senn, 1987) . A wide range of beneficial effects has been reported from the use of seaweed extracts, including increased crop yield and quality, resistance to frost, uptake of inorganic nutrients from the soil, resistance to stress conditions and improved seed germination and seedling establishment (Blunden, 1991; Sivritepe and Sivritepe, 2008; Craigie, 2011; Sivritepe et al., 2015; Lutts et al., 2016) . Of these effects, improved seed germination is an attractive result for seed technology. Therefore, priming with SWE solutions could be a promising method for organic seeds before transferring them to organic production processes.
The choice of high quality organic seed of suitable varieties is an important key to successful organic farming, allowing for improved crop yield and quality, for crop resilience, considerate use of non-renewable resources and for increased genetic and species diversity (IFOAM, 2011) . Nevertheless, the use of presowing organic hydration-dehydration techniques (to increase seed quality and performance) is not included in the organic farming regulations of USA, EU and non-EU countries such as Turkey.
Therefore, in the present study, the effects of organic seed hydration such as hydropriming (HP) and organic priming (OP) with SWE and also subsequent dehydration treatments on germination and early seedling growth were investigated in organic tomato seeds.
Materials and Methods

Biological materials
Organic certified seeds of tomato cv. 'Rio Grande' (which were obtained from Atatürk Central Horticultural Research Institute in Yalova, Turkey) had an initial moisture content of 7.4% fw basis and 82.5% normal germination. Seed moisture content and germination tests were conducted as described in the ISTA Rules (ISTA, 2012) . The seeds were stored in a fridge at 3 °C until required for experimentation. The seaweed (Ascophyllum nodosum) extract (Maxicrop; Maxicrop International Ltd., UK) used in organic priming experiments was purchased from a local chemical company in Bursa, Turkey. The seaweed extract was also certified organic material to use in organic farming.
Experimental procedures
The seeds were primed for 2 days at 20 °C in continuously aerated distilled H2O (i.e., hydroprimed) and SWE solutions (250, 500, 1000 and 2000 ppm), i.e., organic primed. Untreated seeds were evaluated as the control. Following each priming treatment, the seeds were put in a wire mesh strainer, washed with tap water for 3 minutes and rinsed with distilled water. Then the seeds were surface dried (SD) at 25 °C and the change in weight was determined and the final seed moisture content of each treatment group was estimated using the following equation (Sivritepe, 1992 ): c = a (100 -b) / (100 -d), where: c -is the final weight of seed (g), normal germination curves) of organic tomato seeds following priming (HP and OP) and dehydration (SD and DB) treatments are presented in Figs. 2 and 3. It is clear from the results that germination occurred earlier and that the final percentages of normal germination of HP and OP seeds (irrespective of dehydration treatments) were higher relative to the control seeds. However, the best results were obtained from HP and OP (250 ppm) + SD and DB treatments (Figs. 2 and  3) . The results shown in Table 1 are convincing evidence that both priming treatments had significant effects (p≤0.05) on viability (NGR) and vigour (MGT, GI, SDW and SVI) of organic tomato seeds. However, the effects of dehydration treatments on seed viability and vigour were only significant (p≤0.05) for GI and SDW parameters. Furthermore, the effects of the interaction between priming and dehydration treatments were also significant (p≤0.05) on seed viability and vigour parameters.
All the priming and dehydration treatments gave better results compared with the control. As a general trend, NGR, GI, SDW and SVI increased whereas MGT decreased depending on HP and OP + SD and DB treatments. When the overall data were assessed, the best results were obtained from the HP and OP (250 ppm) followed by either SD or DB treatments for organic tomato seeds (Table 1) .
All the correlations between NGR and each vigour parameter (MGT, GI, SDW and SVI) were significant (p≤0.05) ( Table 2 ). The highest correlation was found between NGR and GI, and this was followed by SVI, MGT and SDW.
Discussion
To date very little work has been carried out on organic seed hydration (HP and OP) and subsequent dehydration (SD and DB) techniques and also their effects on seed viability and vigour, which are the substantial components of seed quality. Previous studies have shown that both HP (McDonald, 2000; Caseiro et al., 2004; Tajbakhsh et al., 2004; Sivritepe and Teoman, 2014) and OP (Sivritepe and Sivritepe, 2008; Mavi, 2014; Sivritepe et al., 2015) are useful techniques as they cause physiological enhancements and increases in performance of seeds. These positive effects of HP and OP have been demonstrated by the use of different physiological parameters such as NGR (represents seed viability), and MGT, GI, SDW and SVI (represent seed vigour). Our results are in agreement with those of the above mentioned studies.
Dehydration of seeds following priming is of vital importance. In fact, sustainability of the beneficial effects of priming depends on subsequent dehydration conditions. These are temperature, speed (which depends on ambient air, forced air or vacuum drying) and degree of dehydration (i.e., SD and DB) (Pill, 1995; McDonald, 2000; Copeland and McDonald, 2001) . Moreover, the effects of the above dehydration conditions on viability and vigour of primed seeds vary depend on species (Pill, 1995; McDonald, 2000) , even cultivars within a species (Sivritepe and Şentürk, 2011; Sivritepe et al., 2015) . The results of the present study suggested that following HP and OP, the effects of SD and DB on viability and vigour of organic tomato seeds were similar. In other words, the beneficial effects of HP and OP sustained following SD and DB treatments. Besides both dehydration treatments gave better results compared with the control.
To our knowledge, application of organic hydrationdehydration techniques to organic seeds has been lacking in the literature. Therefore, this study is the first attempt to develop a procedure not only to share the new findings in scientific media but also to introduce it to organic farming regulations of different countries. Furthermore, the results of these experiments suggest that HP and OP could be used both in seed and seedling industries to improve seed quality and performance of organic tomatoes.
Conclusions
The results indicated that the addition of organic hydration-dehydration techniques to the current procedures of the regulations of organic tomato production could be a useful strategy from different points of view. Application of these techniques to organic tomato seeds could provide faster and more uniform germination as well as earlier seedling establishment. The use of HP and OP as organic hydration and also SD and DB as dehydration techniques should further be studied in organic seeds of other agricultural and horticultural species to produce specific protocols. Moreover, possibilities of using other seaweeds and organic materials in organic seed hydration techniques should also be evaluated in organic seeds prior to organic seedling production and/or plant growing. Our studies are in progress to investigate whether the beneficial effects of organic seed hydration-dehydration persist beyond the later growth and development stages of organic tomato plants. Table 1 . The effects of hydropriming and organic priming with different seaweed extract solutions and dehydration treatments on viability and vigour in organic seeds of tomato cv. 'Rio Grande'
